Human astrovirus nonstructural protein nsP1a/4, located at the C-terminal end of 17 nsP1a, is thought to be involved in the regulation of RNA replication and capsid 18 Viruses are obligate intracellular pathogens thatutilize host-cell machinery to 47 infect cells, replicate themselves, and then exit the cells for another round of 48 infection. Human astroviruses (HAstVs) are a group of non-enveloped, 49 single-stranded, and positive-sense RNA viruses in the family Astroviridae. 50 HAstVs are causative agents of viral diarrhea in young children, 51 immunocompromised patients, and elderly individuals (1-5). The astrovirus 52 genome has three open reading frames (ORFs); ORF1a and ORF1b encode two 53 nonstructural polyproteins (nsPs), and ORF2 encodes the capsid protein (6). The 54 nsP1a polyprotein, transcribed from ORF1a, is involved in viral transcription 55 and replication. When HAstV infects a host cell, nsP1a is cleaved into at least 56 four products, named nsP1a/1, nsP1a/2, nsP1a/3 (protease), and nsP1a/4. The 57 nsP1a/4 protein is located at the C-terminal end of nsP1a.Several domains have 58 been identified in nsP1a/4, including two coiled-coil regions, a death domain 59 (DD), a nuclear localization signal (NLS), a putative viral genome-linked 60
between CD63 and nsP1a by GSTpull-down analysis. We immobilized 135 nsP1a-GST on glutathione agarose and added CD63-His to assess 136 protein-protein binding. We used an untreated gel as a negative control. We 137 analyzed the protein in the complexes by western blot with anti-GST or anti-His 138 antibody. Anti-GST MAb pulled down nsP1a together with CD63 ( Fig. 3C ). Figure 4A ). EC2, also called the 149 large loop (LEL, 99aa), contains a variable region for specific protein-protein 150 interactions. We constructed and confirmed the eukaryotic expression vector 151 pcDNA3.1-3flag-CD63-LEL and the prokaryotic expression vector 152 pET-29a-LEL. We expressed IPTG-induced recombinant CD63-LEL-His fusion 153 protein in E. coli and recovered and purified the recombinant protein from the 154 bacteria ( Fig 4C) . 155 We amplified the four products of the nsP1a polyprotein (nsP1a/1, nsP1a/2, 156 nsP1a/3 (protease), and nsP1a/4; Fig 4B) by RT-PCR. We used the PCR 157 products to construct PEF-HA-1a/1, PEF-HA-1a/2, PEF-HA-1a/3, and HA-1a/4 158 plasmids, which we confirmed by sequencing. We expressed recombinant 159 nsP1a/4-GST fusion protein in bacteria and isolated and purified the fusion 160 protein from the bacteria (Fig4D). We co-transfected HEK293T cells with 161 pcDNA3.1-3flag-CD63-LEL and either PEF-HA-1a/1, PEF-HA-1a/2, 162 PEF-HA-1a/3, or PEF-HA-1a/4. We then performed immunoprecipitation with 163 lysates from the transfected cells and anti-HA or anti-Flag antibodies. We 164 identified protein-protein interactions by GST pull-down ( Fig 4E) or 165 co-immunoprecipitation ( Fig 4F) assays as described above. The results showed 166 that the CD63 LEL domain interacted with nsP1a/4 in vivo and in vitro. In 167 contrast, no interaction between CD63-LEL and nsP1a/1, nsP1a/2, or nsP1a/3 168 were observed (data not shown).
169
CD63-LEL co-localizes with nsP1a/4 in host cells. We used 170 immunofluorescence and confocal microscopy to further investigate the 171 interaction betweennsP1a/4 and CD63-LEL. We co-transfected HEK293T cells 172 with the plasmids HA-nsP1a/4 and Flag-CD63-LEL. We then examined the 173 subcellular localization of nsP1a/4 and CD63-LEL by confocal microscopy. The
174
Flag-CD63-LEL ( Fig. 5A ) and HA-nsP1a/4 ( Fig. 5B ) proteins were distributed 175 throughout the cytoplasm. We determined the position of the nucleus by DAPI 176 staining ( Fig. 5C ). Statistical analysis of the images showed that the 177 (immunofluorescence assay,IFA)signals of nsP1a/4 and CD63-LEL significantly 178 author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint overlapped each other ( Fig 5D) . That finding confirmed that nsP1a/4 protein 179 interacts with CD63-LEL in HEK293T cells. That result along with those of a 180 previous Y2H screen and GSTpull-down and co-immunoprecipitation assays 181 suggested that nsP1a/4 interacts with the CD63LEL domain.
182
HAstV infection increases CD63 expression. HAstV-1 nsP1a has been 183 reported to regulate the viral RNA-replication process. To determine whether 184 HAstV-1 infection affects CD63 expression, we infected Caco-2 cells with 185 HAstV-1 (MOI 10). We collected lysates from mock-infected (control) and 186 HAstV-infected cells 24h and 48h after infection. We isolated total cellar RNA 187 and quantified the expression of CD63 mRNA using real-time RT-PCR( Fig. 6A ).
188
We also performed western blot to detect CD63 protein expression in the 189 cellular lysates ( Fig 6B) . The results showed that the levels of CD63 mRNA and 190 protein 48h after infection were higher in HAstV-infected cells than 191 inmock-infected cells, suggesting that CD63 plays an important role in HAstV-1 192 genome replication. Furthermore, we infected Caco-2 cells with HAstV-1(MOI 193 1) and measured the amount of viral RNA present in the cell culture after 24h 194 and 48h. The results showed that the amount of viral RNA was significantly 195 increased at 24h and 48h in the HAstV-1-infected cells compared with those in 196 the mock-infected cells (P＜0.01; Fig 6C) . The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint infection. We assessed the overexpression and knockdown of CD63 by western The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint Although the function of HAstVnsP1a remains unclear, nsP1a and nsP1a/4 223 have been suggested to be involved in many processes, including genome 224 replication, apoptosis induction, and capsid maturation (8, 11) . To better 225 understand the role of nsP1a in viral replication, we analyzed the interaction of 226 nsP1a with host proteins. A Y2H screen of aCaco-2 cDNA library showed that 227 14 independent proteins, including CD63, interacted with nsP1a.
228
CD63 was the first characterized tetraspanin (27). It has been shown that 229 CD63 reacts with many different proteins either directly or indirectly, including 
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In light of those results, we sought to explore the nsP1a/CD63 interaction in 244 author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint more detail. GSTpull-down and co-immunoprecipitation analyses showed that 245 the nsP1a C-terminal nonstructural protein nsP1a/4 (567-926aa, 40kDa) binds to 246 the CD63 LEL domain. The LEL of CD63 displays some conserved residues.
247
Protein-protein interaction sites have been found in the LEL domains of other 248 proteins (35, 36) . We verified that the CD63-LEL domain interacts with nsP1a/4 249 in vivo and in vitro. Confocal microscopy also showed that nsP1a/4 and CD63 The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint binding, endocytosis, membrane vesicles, post-entry processing, or virus 289 maturation still remains to be determined. We hypothesize that the CD63/nsP1a 290 interaction plays a role in viral RNA replication, and further study is needed to 291 verify that hypothesis. Table 1 and cloned into pGBKT7 vector (Clontech USA, Mountain View, CA) 310 author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/331835 doi: bioRxiv preprint to generate BD-bait plasmid (pGBKT7-nsP1a) for the Y2H system. To generate 311 N-terminally HA-tagged nsP1a andnsP1a/4 expression constructs, nsP1a or 312 nsP1a/4 frames were amplified using the primers listed in Table1. We extracted 313 the total RNA of HAstV type 1 (HAstV-1) from Caco-2 cells and amplified 
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Primer Name
Sequence ( 
